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A 5-year review of management of lower extremity
arterial injuries at an urban level I trauma center
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Evan T. Franz,a Jodi F. Hartman, MS,c and Michelle L. Wright, MPH,c Columbus and Gahanna, Ohio
Background: The purpose of this study was to review the management of lower extremity arterial injuries to determine
incidence, assess the current management strategy, and evaluate hospital outcome.
Methods:This was a retrospective review, including trauma database query, andmedical records review set in an urban level
I trauma center. Sixty-five patients with 75 lower extremity arterial injuries were admitted between April 2005 and April
2010. The interventions were primary amputation, medical management, vascular surgical intervention, and subsequent
amputation. The main outcome measures were age, gender, race, mechanism of injury, type of injury, associated lower
extremity injuries, concomitant injuries, Injury Severity Score, Abbreviated Injury Scale, surgical procedures and
interventions, limb salvage rate, mortality, length of stay, and discharge disposition.
Results: During a 5-year period, 65 patients with 75 lower extremity arterial injuries were admitted to the hospital,
yielding an incidence of 0.39% among trauma admissions. The study population was comprised primarily of young men,
with a mean Injury Severity Score of 15.2 and a mean Abbreviated Injury Scale of 2.7 (moderate to severe injuries). The
majority of patients (78.4%) suffered concomitant lower extremity injuries, most frequently bony or venous injuries,
whereas 35.4% experienced associated injuries to other body regions. The most common injury mechanism was a gunshot
wound (46.7%). Arterial injuries were categorized into 42 penetrating (56.0%) and 33 blunt mechanisms (44.0%).
Involved arterial distribution was as follows: 4 common femoral (5.3%), 4 profunda femoris (5.3%), 24 superficial
femoral (32.0%), 16 popliteal (21.3%), and 27 tibial (36.0%) arteries. The types of arterial injuries were as follows: 28
occlusion (37.3%), 23 transection (30.7%), 16 laceration (21.3%), and 8 dissection (10.7%). Orthopedic surgeons
performed amputations as primary procedures in 3 patients (4.6%). The majority (76.8%) of injuries receiving vascular
management underwent surgical intervention, with procedure distribution as follows: 26 bypass (49.1%); 13 primary
repair (24.5%); 7 ligation (13.2%); 4 endovascular (7.5%); and 3 isolated thrombectomy (5.7%) procedures. Concomitant
venous repair and fasciotomy were performed in 22.4% and 38.2% of cases, respectively. Medication was the primary
strategy for 16 arterial injuries (23.2%). Subsequent major amputation was required for 3 patients (4.8%) who initially
received vascular management. Three patients (4.6%) died during hospitalization.
Conclusion: The current multidisciplinary team management approach, including use of computed tomographic or
conventional angiography and prompt surgical management, resulted in successful outcomes after lower extremity
arterial injuries and will continue to be utilized. (J Vasc Surg 2011;53:1604-10.)
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pArterial injuries to the extremities account for 50% of all
arterial traumas, with 64% to 82% resulting from penetra-
tion.1-3 Upper extremity arterial injuries are more common
in civilian populations; lower extremity vascular injuries are
more frequent amongmilitary personnel.3 Lower extremity
artery injuries are serious and may significantly impact
outcome of the trauma patient.3 If not properly managed,
such injuries can lead to limb loss or death.3 Most reports
focus on combined upper and lower extremity popula-
tions1,4,5 or a specific type of lower extremity arterial
injury.6-11 Improved diagnostic imaging and emergence of
endovascular techniques have introduced new questions
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1604egarding optimal management strategies. The goal of this
-year retrospective review was to contribute to the current
nowledge base of lower extremity arterial injuries by pro-
iding a more specific incidence of these injuries in a civilian
opulation, additional epidemiologic and injury mecha-
ism data, and further insight into management and out-
ome.
ETHODS
A retrospective review with institutional review board
pproval was conducted at an urban level I trauma center to
ssess lower extremity arterial injuries. The study popula-
ion was comprised of patients with lower extremity trauma
ith arterial injury who were at least 16 years of age and
ere admitted to the emergency department (ED) between
pril 2005 and April 2010. Patients were managed by a
eam of surgeons, according to a standardized protocol
Fig). The multidisciplinary team of surgeons included
rauma surgeons responsible for the overall care of the
atient; orthopedic surgeons who addressed bony and soft
issue injury; vascular surgeons who conducted vascular
rocedures; and plastic surgeons who managed tissue de-
ects. For patients presenting with hard signs of penetrating
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Volume 53, Number 6 Franz et al 1605arterial injury, immediate surgical exploration without fur-
ther diagnostic evaluation was performed. Patients with
blunt arterial injury or with penetrating injuries with clini-
cal soft signs underwent high-resolution 32-slice or 64-slice
computed tomographic angiography (CTA). Preoperative
conventional angiography and CTA were avoided in the
same patient to minimize dye load. Medication manage-
ment consisted of antiplatelet therapy, either as a combina-
tion of daily clopidogrel (75 mg) and aspirin (81 mg), or
aspirin (81 mg) alone if clopidogrel was contraindicated.
The trauma database was queried and medical records
were reviewed to determine and analyze the following
variables: age, gender, race, mechanism of injury, type of
injury, associated lower extremity injuries, concomitant
injuries, surgical procedures and interventions, mortality,
length of stay, and discharge disposition. Injury Severity
Scores (ISS) and Abbreviated Injury Scale (AIS) scores
also were extracted.12-14 Descriptive statistics, including
mean, median, SD, frequency, and percentage were used
to describe numerical data. Statistical analysis was per-
formed using SigmaStat Software, version 2.0 (SPSS Inc,
Chicago, Ill).
RESULTS
During the 5-year study period, 66 patients with 76
lower extremity arterial injuries presented to the trauma
center. One patient with a femoral artery injury expired in
the ED before vascular consultation or treatment could be
Fig. Standardized protocol for patients wperformed. The resultant cohort was comprised of 65 Gatients (75 arterial injuries). Eight patients (12.3%) exhib-
ted more than one arterial injury. Overall, 16,688 trauma
dmissions occurred during this period, which yields a
.39% incidence of patients admitted with lower extremity
rterial injuries. Of these admissions, 4539 patients had a
ower extremity injury, which translates into a 1.4% inci-
ence of arterial injury associated with lower extremity
rauma.
Gender distribution was 59 male patients (90.8%) and 6
emale patients (9.2%). Thirty-two patients (49.2%) were
hite, 30 patients (46.2%) were African American, 2 patients
3.1%) were Hispanic, and 1 patient (1.5%) was classified as
other.” Mean age was 31.6 years (SD  13.7; median 
8.0; range, 16.0-77.0 years). All patients presented with
bsent or diminished pulses. Most patients (78.4%) suffered
oncomitant lower extremity injuries (Table I), with bony and
enous injuries most prevalent. Although the majority of
atients (64.6%) did not sustain other injuries, incidence of
ssociated injuries included 11 patients (16.9%) with abdom-
nal injuries; 11 patients (16.9%) with chest/thoracic injuries;
0 patients (15.4%) with head/neck injuries; and 10 patients
15.4%)with upper extremity injuries. Themean ISSwas 15.2
SD 10.9; median 10.0; range, 4.0-66.0).
Forty-six injuries (61.3%) occurred in the right leg; 29
njuries (38.7%) occurred in the left leg. Tibial and super-
cial femoral arteries were most commonly injured (Table
I). Mean AIS was 2.7 (SD  1.0; median,  3.0; range,
.0-4.0), corresponding to moderate to serious injuries.
spected lower extremity vascular injury.unshot wound was the most common injury mechanism
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June 20111606 Franz et al(Table III). Injuries were categorized into 42 (56.0%)
penetrating and 33 (44.0%) blunt injuries. Injuries were
also grouped according to type (dissection, laceration, oc-
clusion, or transection; Table IV), with most resulting from
occlusion or transection.
Orthopedic surgeons performed amputations as pri-
mary procedures in 3 patients (4.6%; 6 arterial injuries)
when limb salvage was deemed not possible upon presen-
tation. Sixty-nine arteries (92.0%) received vascular man-
agement. Fifty-three arterial injuries (76.8%) were man-
aged surgically, whereas medication was the primary
strategy for 16 arterial injuries (23.2%), most often for tibial
arterial injuries. Surgical management (Table V) was per-
formed by vascular surgeons within 6 hours as able or a
fasciotomy was performed. Vein graft bypasses were per-
formed most frequently in 45.3% of arterial injuries. Liga-
tion was performed primarily for tibial arterial injuries,
primary repair was possible mainly for common femoral
arterial injuries, bypasses were most often performed for
superficial femoral and popliteal arteries, and endovascular
repair was limited to profunda femoris and superficial fem-
oral arterial injuries. Isolated thrombectomies were only
performed for superficial femoral and tibial arterial injuries.
Concomitant venous repair was associated with 17 arterial
injuries (22.4%), most frequently with superficial femoral
(37.5%) and popliteal (25.0%) arteries. The distribution of
venous repair methods was as follows: 10 vein repair
(58.8%); 3 ligation (17.6%); 3 vein graft (17.6%); and 1
prosthetic graft (5.9%). Fasciotomies were associated with
29 arterial injuries (38.2%), most frequently with popliteal
Table I. Distribution of concomitant lower extremity
injuries for overall study population
Type of lower extremity injury
Overall group
(n  65)
Bony injuries 28 (43.1%)
Venous injuries 20 (30.8%)
Ligament/tendon injuries 13 (20.0%)
Greater than one lower extremity arterial injury 8 (13.3%)
Compartment syndrome 6 (9.2%)
Nerve injuries 3 (4.6%)
Table II. Distribution of arterial injuries for overall study
population
Type of arterial injury
Overall group
(n  75)
Common femoral artery 4 (5.3%)
Profunda femoris artery 4 (5.3%)
Superficial femoral artery 24 (32.0%)
Popliteal artery 16 (21.3%)
Tibial artery 27 (36.0%)
Anterior tibial artery 10 (13.3%)
Posterior tibial artery 15 (20.0%)
Peroneal tibial artery 2 (2.7%)(62.5%) and tibial (40.7%) arteries. bThirty-five patients (53.8%) required intensive care unit
ICU) admission, with a mean length of ICU stay of 5.0
ays (SD 5.4; median, 3.0; range, 1.0-23.0 days). Over-
ll mean length of hospitalization for these cases was 14.0
ays (SD  11.1; median, 10.0; range, 2.0-46.0 days),
ompared to the mean length of hospitalization of 5.6 days
SD  5.2; median, 3.5; range, 1.0-22.0 days) for the 30
atients (46.2%) not requiring ICU admission. Length of
tay for the overall patient population was 10.1 days (SD
.8; median, 8.0; range, 1.0-46.0 days). Overall, discharge
isposition was as follows: 45 patients (69.2%) home; 7
atients (10.8%) home healthcare; 5 patients (7.7%) skilled
ursing facility; 4 patients (6.2%) rehabilitation facility; and
patient (1.5%) psychiatric hospital. Three patients died
uring hospitalization, yielding a mortality rate of 4.6%.
Vascular management was successful in 66 of 69
95.6%) arterial injuries. Subsequent major amputation,
erformed by vascular surgeons, was required during hos-
italization for 3 patients (4.8%) for whom primary treat-
ent failed. The overall limb salvage rate was 95.1%, as 59
f the 62 patients who underwent vascular management
ere discharged without requiring lower limb amputation.
ISCUSSION
The management philosophy for lower extremity arte-
ial injuries employed at our institution involves a multidis-
iplinary team approach.7,15-18 Although limb salvage re-
uires successful vascular reconstruction, other factors such
s concomitant vein and nerve injury, associated long bone
rauma, soft tissue loss, and fasciotomy site management
reatly influence outcome.16,19 Integration of trauma, or-
hopedic, and plastic surgery specialities with the vascular
eam ensures that all factors are cohesively managed. Pa-
ients with one or more clinical hard signs of arterial injury
r overt signs of severe ischemia mandate immediate surgi-
al exploration.19-23
Diagnostic imaging. For blunt lower extremity inju-
ies and penetrating injuries with soft clinical signs, com-
uted tomographic or conventional angiography is recom-
ended to assist in injury location and extent and to aid in
taged planning for reconstruction.1,2,9,15,20,23-25 Angiog-
aphy particularly is useful in blunt trauma due to the high
ncidence of associated bone, nerve, and soft tissue injuries
hat could be responsible for clinical hard signs and obscure
n accurate diagnosis.1,20
Medical management of arterial injuries. In the
ast, patients with minimal arterial lesions, which account
or approximately 10% of all arterial injuries, routinely
nderwent surgical exploration and “repair” to minimize
omplications of missed vascular injuries.20,21 Because
hese clinically occult arterial injuries typically have a benign
atural history, they may be safely observed.2,20,21,26
herefore, patients with nonocclusive injuries may be
anaged nonoperatively if they fulfill the following criteria:
1) 5 mm intimal disruption; (2) adherent intimal flaps;
3) intact distal circulation; and (4) no active hemor-
hage.2,19,23 Should lesions persist or worsen, as detected
y routine vascular duplex ultrasonography scan, ankle
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Volume 53, Number 6 Franz et al 1607brachial indexes, CTA, or serial angiography, surgery is
warranted.19 Approximately 10% of these lesions may de-
teriorate into false aneurysms, at which time they can be
repaired without adverse complications.20,21 The data in
this series support routine medical management and obser-
vation for such nonocclusive injuries, which accounted for
23.2% of lower extremity arterial injuries receiving vascular
management and did not require subsequent surgery dur-
ing the hospitalization course.
Associated orthopedic injuries. Several lower ex-
tremity orthopedic injuries, including knee dislocations,
displaced medial tibial plateau fractures, other displaced
bicondylar fractures around the knee, open or segmental
distal femoral shaft fractures, and mangled extremities, are
associated with a high index of suspicion for vascular inju-
ries.15,27 Because minimizing ischemia duration is criti-
cal to overall outcome, artery repair typically precedes
orthopedic stabilization to restore limb circula-
tion.3,4,7,9,15,16,23,28,29 Exceptions may be made when
isolated knee dislocation causes distal ischemia or when an
unstable tibial fracture is present,4,16 at which time reduc-
tion generally is performed before vascular reconstruction.
Regardless of sequence, vascular reconstruction should be
inspected before final wound closure during any orthopedic
procedure to verify patency of repair.2,3,9,23 In rare in-
stances when external fixation is required to immediately
stabilize the limb after massive musculoskeletal trauma,
temporary selective use of shunts to restore circulation
allows rapid fixator placement, with later vascular and or-
thopedic repair.2,3,15,23
Venous injury repair. Whenever possible, venous in-
Table III. Mechanism of injury distribution for overall stu
Injury mechanism
Overall group
(n  75)
Common femoral
artery group
(n  4)
Pr
Gunshot wound 35 (46.7%) 2 (50.0%)
Motorcycle accident 10 (13.3%) 1 (25.0%)
Motor vehicle accident 14 (18.6%) 1 (25.0%)
Stab/laceration 6 (8.0%) 0 (0.0%)
Other mechanism 10 (13.2%) 0 (0.0%)
Crush injury 5 (6.7%) 0 (0.0%)
Fall 2 (2.7%) 0 (0.0%)
Assault 1 (1.3%) 0 (0.0%)
Nail gun puncture 1 (1.3%) 0 (0.0%)
Sport 1 (1.3%) 0 (0.0%)
Table IV. Distribution of type of arterial injury for
overall study population
Injury type
Overall group
(n  75)
Occlusion 28 (37.3%)
Transection 23 (30.7%)
Laceration 16 (21.3%)
Dissection/intimal injury 8 (10.7%)jury repair enhances successful outcomes in extremity srauma, especially when popliteal and more proximal veins
re involved.2-4,19,21,23 In the current series, concomitant
ein repair was associated with approximately one of every
ve arterial injuries. When indicated, venous repair should
recede artery repair to enhance venous drainage of the leg
uring artery reconstruction.19,21,24 Vein repair using an
utogenous vein interposition graft or vein patch should be
erformed as able in stable patients, but vein ligation may
e indicated in unstable patients.7,30 Because vein repair is
ssociated with a high likelihood of postoperative deep vein
hrombosis, postoperative treatment with heparin, transi-
ioning to warfarin for 3 months, if able, is recommended.
Fasciotomy. Lower extremity trauma poses a high risk
or lower leg compartment syndrome. Fasciotomy should
e considered when any of the following are present: (1)
ombined artery and vein injury; (2) prolonged ischemia
greater than 4 to 6 hours); (3) complex and multiple
xtremity fractures; (4) vascular injury combined with bone
r soft tissue injury; (5) elevated compartment pressure
easurements exceeding 25 mmHg; and (6) increased calf
welling or tenseness on clinical examination.1,2,5,21,28
opliteal vessel trauma has been associated with the great-
st incidence of fasciotomy, which is influenced by pro-
onged repair time and warm ischemia.9,31 The liberal use
f fasciotomy substantially improves limb salvage and func-
ion.7,21 In the current series, fasciotomies were associated
ith 38.2% of arterial injuries, primarily those to the pop-
iteal and tibial arteries.
Soft-tissue deficits. Adequate soft-tissue coverage for
omplex lower extremity injuries is another essential com-
onent of limb salvage.4,15 The majority of patients with
oft tissue defects will require split-thickness grafts.4 Diag-
ostic imaging of vascular injuries also assists the recon-
tructive surgeon in determining adequate recipient vessel
election for free tissue transfer.18 Rotational and free flap
issue transfer for early graft or bony coverage should be
elayed until risks of inadequate tissue viability and second-
ry infections have diminished.19
Amputation. Complex extremity trauma involving
ascular injuries in conjunction with skeletal injuries has a
ubstantially higher risk for limb loss andmorbidity than do
opulation and arterial injury groups
a femoris
y group
 4)
Superficial femoral
artery group
(n  24)
Popliteal
artery group
(n  16)
Tibial
artery group
(n  27)
5.0%) 16 (66.7%) 6 (37.5%) 10 (37.0%)
.0%) 1 (4.2%) 3 (18.8%) 5 (18.5%)
5.0%) 2 (8.3%) 3 (18.8%) 7 (25.9%)
5.0%) 2 (8.3%) 1 (6.3%) 2 (7.4%)
5.0%) 3 (12.5%) 3 (18.8%) 3 (11.1%)
.0%) 1 (4.2%) 2 (12.5%) 2 (7.4%)
5.0%) 0 (0.0%) 0 (0.0%) 1 (3.7%)
.0%) 1 (4.2%) 0 (0.0%) 0 (0.0%)
.0%) 1 (4.2%) 0 (0.0%) 0 (0.0%)
.0%) 0 (0.0%) 1 (6.3%) 0 (0.0%)dy p
ofund
arter
(n
1 (2
0 (0
1 (2
1 (2
1 (2
0 (0
1 (2
0 (0
0 (0olitary injuries.21 Deciding whether to attempt revascular-
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June 20111608 Franz et alization of a severely injured extremity or to perform a
primary amputation is difficult. Because revascularization
alone cannot restore an insensate limb to a functional one,
consensus with the multidisciplinary team and patient,
when possible, is critical in making a final determination.
Absolute indications for primary amputation are docu-
mented ischemia of more than 6 hours with a nonviable
limb and extensive nerve disruption, whereas relative indi-
cations include polytrauma, extensive crush injuries, multi-
ple comminuted skeletal fractures with bone loss, life-
threatening problems that preclude extremity treatment,
multiple failed revascularization attempts, severe lower
extremity or foot wounds, and an expected prolonged
soft-tissue coverage and bony reconstruction pe-
riod.10,19,21,32,33 Severely mangled limbs require immedi-
ate amputation. In a multivariate analysis of 550 lower
extremity arterial injuries, Hafez et al28 identified the fol-
lowing five independent risk factors for amputation: oc-
cluded graft; combined above-knee and below-knee injury;
tense compartment at presentation; arterial transection;
and associated compound fracture. In the current series,
these risk factors were present in the 3 patients (4.6%) who
required primary amputation from the overall cohort of 65
patients and also in 3 of the 62 patients (4.8%) who initially
received vascular management, but required subsequent
amputation.
Femoral arterial injuries. Femoral vessels are among
the most commonly injured vascular structures and com-
prise nearly 70% of all arterial traumas.24Most are the result
of penetrating injuries, particularly gunshot wounds.22,24
Common and superficial femoral arterial injuries may be
mobilized for a length of up to 2 cm and typically are
repaired via resection with primary anastomosis.24 If this
cannot be accomplished without tension in the suture line,
an interposition graft is recommended.2,5,24 Although the
conduit of choice typically is the saphenous vein,2,7,15,23,24
synthetic grafts are viable alternatives,2,24 but not in open
wounds. Graft selection is influenced by patient stability,
concomitant injuries, and presence of a suitable vein.22
Extra-anatomic reconstruction should be considered for
grossly contaminated wounds or in the presence of exten-
sive soft-tissue defects.24 In hemodynamically stable pa-
Table V. Distribution of surgical management for overall
Treatment type
Overall group
(n  53)
Common femoral
artery group
(n  3)
Bypass 26 (49.1%) 1 (33.3%)
Vein graft 24 (45.3%) 0 (0.0%)
Prosthetic graft 2 (3.8%) 1 (33.3%)
Endovascular 4 (7.5%) 0 (0.0%)
Coil embolization 2 (3.8%) 0 (0.0%)
Endograft 2 (3.8%) 0 (0.0%)
Ligation 7 (13.2%) 0 (0.0%)
Primary repair 13 (24.5%) 2 (66.7%)
Thrombectomy, isolated 3 (5.7%) 0 (0.0%)tients, the proximal profunda artery should be repaired oecause of its collateral supply to the lower extremity;
owever, it may be ligated in unstable patients, if neces-
ary.3,23 A branch of the profunda femoris artery was li-
ated in 1 patient in this series; however, the majority of
ommon femoral and superficial femoral arterial injuries
anaged surgically underwent primary repair or bypass
Table V).
Endovascular management of peripheral vascular trau-
atic injuries is particularly applicable to superficial femoral
rterial and profunda femoris branch injuries.23,25,27,34,35
n the current series, endovascular techniques were used to
anage four arterial injuries (6.8%), all of which were to the
emoral artery, with no resultant complications. In 2 cases,
oil embolization was used for distal profunda femoris
ranch management and in the other 2 cases, endografts
ere implanted into the superficial femoral arteries.
Regarding femoral arterial injuries, eight fasciotomies
25.0%) were performed, which is within the range of
1.1% to 27.6% in previous reports.4,22 Two patients (6.3%)
equired amputation (1 primary; 1 subsequent). Amputation
ates reported in previous studies are comparable and range
rom 0.95% to 26.1%.4,22,28,33 In the current series, 3
atients (9.4%) died of associated traumatic injuries. This
ortality rate is higher than the 0.0% to 5.6% range previ-
usly reported.4,22
Popliteal arterial injuries. Popliteal vessel injuries are
he most limb-threatening and challenging of all peripheral
ascular injuries.3,8,9,11,21,23 The popliteal artery is a true
nd artery with poor collateral supply, whereas the popliteal
ein is responsible for the majority of lower leg and foot
rainage.21 Among civilian populations, popliteal arterial
njuries comprise 19% of all extremity arterial injuries.21
End-to-end anastomosis is preferred if it can be per-
ormed without undue tension; however, this typically is
ot possible if more than 2 cm of vessel is lost.21,22 Division
f geniculate collaterals to achieve mobility should be
voided because of the negative effect on limb perfusion.21
ost surgeons, including the senior author, recommend
lacement of an interposition graft.7,15,21 The conduit of
hoice is the reversed autogenous saphenous vein from the
ontralateral leg, which preserves venous outflow from the
njured limb.7,9,11,15,21,22 Vein patch angioplasty is an-
y population and arterial injury groups
funda femoris
rtery group
(n  3)
Superficial femoral
artery group
(n  20)
Popliteal
artery group
(n  12)
Tibial
artery group
(n  15)
0 (0.0%) 10 (50.0%) 11 (91.7%) 4 (26.7%)
0 (0.0%) 9 (45.0%) 11 (91.7%) 4 (26.7%)
0 (0.0%) 1 (5.0%) 0 (0.0%) 0 (0.0%)
2 (66.7%) 2 (10.0%) 0 (0.0%) 0 (0.0%)
2 (66.7%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
0 (0.0%) 2 (10.0%) 0 (0.0%) 0 (0.0%)
1 (33.3%) 0 (0.0%) 0 (0.0%) 6 (40.0%)
0 (0.0%) 7 (35.0%) 1 (8.3%) 3 (20.0%)
0 (0.0%) 1 (5.0%) 0 (0.0%) 2 (13.3%)stud
Pro
ather option for partial injuries.7,21 When the native vascu-
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not easily accessible, extra-anatomic bypass has been rec-
ommended.21 One popliteal arterial injury (8.3%) in the
current series was amenable to primary repair, but the
majority were managed with vein graft bypass (Table V). If
possible, primary or interposition vein graft repair should
be performed on popliteal vein injuries to restore venous
outflow.4,21,28 However, if more complex repairs are re-
quired, ligation is appropriate.21,28 In the current series,
primary vein repair or repair with a vein graft was adjunc-
tively performed with four popliteal artery surgeries
(25.0%).
Regarding popliteal arterial injuries, 10 fasciotomies
(62.5%) were performed, which is within the range of 25.6%
to 71.8% from previous studies.4,7-9,11,22,31,36 Three patients
(18.8%) required amputation (1 primary; 2 subsequent), which
is within the amputation rate range of 6.4% to 53.8% previ-
ously reported.4,7-9,11,21,22,28,31,33,36,37 In the current series,
no patients with popliteal arterial injuries died. Previous mor-
tality rates associatedwith popliteal arterial injuries range from
0.0% to 2.5%.4,7,9,11,22
Below-knee arterial injuries. The true incidence of
arterial injuries below the knee is not well known. Ligation
of tibial vessels is acceptable, as evidenced by multiple
reports documenting no significant difference in limb loss
or vascular compromise when one uninjured tibial artery
remains.4,5,10,22,23 In the current series, ligation was most
frequently (40.0%) used (Table V).
Primary artery repair rarely is possible with below-knee
arterial injuries due to the small size of the vessels. There-
fore, the two most common management strategies are
repair using interposition graft or bypass, with the con-
tralateral saphenous vein as the conduit of choice.19,22
Primary repair was possible in 3 tibial arterial injuries
(20.0%) in the current series, whereas vein graft bypass was
utilized for 4 injuries (26.7%). Isolated thrombectomies
were performed in 2 cases (13.3%). Eight tibial arterial
injuries (34.8%) were treated medically due to patency of
the other tibial artery. Due to the rich collateral network of
venous drainage in the calf area and considering the small
size of veins in this region, ligation of venous injuries
instead of venous repair is preferred.4,5,19 Concomitant
vein ligation was associated with 3 tibial arterial injuries
(11.1%) in the current series.
Regarding tibial arterial injuries, 11 fasciotomies
(40.7%) were performed, which is comparable to the inci-
dence range of 31.4% to 42.0% reported in previous stud-
ies.4,10,31 Two patients (10.0%) required amputation (both
primary), which is within the amputation rate range of 7.1%
to 37.5%.4,10,22,28,33 Of the 20 patients with tibial artery
injuries, 1 patient (5.0%) died of associated traumatic inju-
ries, which is higher than previous reports.4,22
This study represents a 5-year review of lower extremity
arterial injury management at a busy, level I trauma center
in the endovascular era. An important advancement is the
availability of hybrid imaging and operative suites at many
institutions, including our own. The role of intraoperative
imaging has had an obvious impact on vascular surgery and Dhe management of vascular extremity trauma, specifically.
hile there is little debate on the need for operative inter-
ention for patients with hard signs of vascular injury or
ith severe ischemia, such technology is particularly bene-
cial to patients with soft signs of vascular injury. However,
ith immediate, high-quality CTA availability, vascular
xtremity evaluation may be accomplished quickly, with
oncurrent procedural planning, if applicable. The option
f conventional preoperative angiography in the same set-
ing is valuable when CTA is not helpful, such as extremity
njuries with multiple bony fragments that may hinder
iewing of vessels with CTA, or when lesions amenable to
ndovascular treatment are recognized. Immediate postop-
rative angiography at the conclusion of surgical interven-
ion allows visualization of the entire arterial segment to
onfirm technical adequacy of the anastomosis site and
bsence of distal embolic debris. Endovascular repair
hould be used selectively and should not replace open
epair, which remains the gold standard of management for
ower extremity traumatic arterial injuries. Several charac-
eristics of endovascular surgery that cause it to be undesir-
ble for lower extremity vascular management are the rela-
ively high cost compared with open repair and decreased
urability vs autologous vein grafts that typically are of
dequate size and are readily available in the young patient
opulation commonly afflicted by this type of trauma.
rom a technical standpoint, endovascular surgery involv-
ng the extremities is extremely challenging – surgeons may
ace difficulty in crossing lesions, as well as an increased risk
f embolization to the distal vessels. The need for reinter-
ention after endovascular surgery may be more likely,
hich can be difficult in this patient population for whom
ailure to return for follow-up evaluation is commonplace.
owever, there are a few lower extremity arterial injuries
or which endovascular surgery may be preferred, including
artial superficial femoral arterial injuries and femoral
ranch injuries. Strengths of the study include a 5-year
eview at a level I trauma center with a high patient volume
nd analysis of a range of variables, including incidence and
njury mechanism data, injury management, and hospital
arameters, which allowed for a thorough analysis of out-
omes. Limitations are the inherent flaws associated with
escriptive retrospective reviews, as well as difficulty in
btaining follow-up evaluations in trauma populations.
The successful outcomes of this study, including low
mputation and mortality rates, support the use of the
ultidisciplinary management team approach for lower
xtremity trauma used at our institution. The vascular
urgery protocol includes prompt diagnosis through phys-
cal examination and diagnostic imaging, if necessary; early
estoration of blood flow; frequent use of interposition
rafts with autogenous saphenous vein; and liberal use of
asciotomies.
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